Abstract This paper examines barriers and opportunities for climate change adaptation in an urban coastal setting where adaptation is in its infancy. It draws on a diagnostic framework as a foundation for identifying and organising barriers and opportunities in terms of three broad phases of the adaptation process, i.e. (1) understanding the problem, (2) planning adaptation options and (3) managing implementation of such options. Data come from the analysis of documents (e.g. policy, plans and reports) and a survey of 49 representatives from 42 organisations (e.g. government, environmental non-governmental organisations, businesses and local industry and professional associations). Nineteen barriers and/or opportunities pertaining to the different phases of the adaptation process were identified. Three of those barriers (i.e. competing priorities, existing management context and existing ecological context) are our additions to the initial list of common barriers proposed in the diagnostic framework. Barriers pertaining to the understanding phase were the most frequently noted by respondents. The understanding phase was also one which most of the barriers were nevertheless considered as opportunities. Emerging critical barriers and/or opportunities for climate change adaptation included perception of signal, availability and accessibility of information, existing management context and leadership. We propose that addressing these barriers and opportunities would involve improving perception about climate change and availability and accessibility of information, fostering anticipatory planned adaptation through the existing management context and developing leadership for adaptation. Findings from this study may prove useful to other jurisdictions, particularly those where climate adaptation is at its early stages of development.
Introduction
Challenges facing the future of the world's urban areas, particularly those located on the coast, are enormous, diverse and complex. Home to the majority of the world's population, the coastal zone is the focus of development, competing interests and growing concern due to climate change impacts (Dutra et al. 2015; Gibbs 2015; Sales 2009; Small and Nicholls 2003) . Rising sea levels (Burrows et al. 2011; Cooper and Pile 2014; Gibbs 2015; Measham et al. 2011) , changes in rainfall patterns, flooding and coastal erosion pose major climate-related threats to environmental processes and private and public assets located in vulnerable areas (Adger 2003; Bradley et al. 2015; Gibbs 2015) . The poorest and marginalized populations are the ones most harshly affected by such threats (Taylor et al. 2012; Sales 2009 ). Cities and their citizens need to be strategic to better prepare for climate-related events that will affect them. In this context, adaptation emerges as an important societal response to the risks and impacts of climate change .
Adaptation encompasses numerous actions addressing impacts directly (e.g. loss of biodiversity) (Adger 2003) and/or indirectly (e.g. by increasing social-ecological resilience). These include, for example, using scarce water more efficiently, adapting existing building codes to stand future climate conditions and extreme weather events and developing spatial plans and corridors to help species migration (European Commission 2007) . Central to the concept of adaptation is the reduction in harm and/ or realisation of benefits to humans (Cooper and Pile 2014) and human adjustments to resource availability and risk at different spatial and societal scales (Adger et al. 2005) . For the purposes of this paper, we use a generic but inclusive conceptualisation of adaptation, as proposed by Moser and Ekstrom (2010, p. 22026) , i.e. adaptation ''involves changes in social-ecological systems in response to actual and expected impacts of climate change in the context of interacting non-climatic changes''.
While there is growing awareness that many adaptation actions are local and build on experience of managing past climatic risks (Füssel 2007) , there can be barriers and limitations to it (Baker et al. 2012; Biesbroek et al. 2014; Moser and Ekstrom 2010; Taylor et al. 2012) . General definition of barriers to adaptation includes challenges, obstacles, constraints or hurdles that impede adaptation. These can come from several sources including lack of information or expertise, constraining resources, limited political support and leadership (Measham et al. 2011; Tribbia and Moser 2008; Baker et al. 2012; De Freitas et al. 2013; Ford and King 2015; Runharr et al. 2012 ) and a focus on short-term adaptation measures . In this paper, we define barriers as ''obstacles that can be overcome with concerted effort, creative management, change of thinking, prioritization, and related shifts in resources, land uses, institutions''. (Moser and Ekstrom 2010, p. 22027) . Simply put, barriers are the impediments that can compromise the adaptation process. It is, therefore, critically important to reduce the ''adaptation deficit'' between the implementation of adaptation with the everincreasing need for it. The identification and analysis of barriers to adaptation and possible opportunities to overcome them contributes towards reducing such deficit (Eisenack et al. 2014) .
Further, climate change may also provide opportunities for enhancing adaptive capacity to climate impacts (Baker et al. 2012; Measham et al. 2011; Sales 2009) . A range of enablers of adaptation has been reported in the literature including: the production of new, or integration and synthesis of existing information; policies, plans and programs; planning and natural resource management legislation; enabling new organisations and defining climate change mandate for existing ones; tools and guidelines to cope with climate impacts; and establishment of networks .
In the context of risks and opportunities associated with climate change, discussed above, this paper seeks to understand how key stakeholder groups perceive and respond to actual and potential climate-related changes. It uses the case of the North Coast of São Paulo, Brazil to underscore barriers and opportunities for adaptation in a coastal urban setting.
Diagnosing barriers to adaptation
This study draws on the framework of Moser and Ekstrom (2010) to diagnose barriers and opportunities for climate change adaptation. We focus particularly on the process component of the diagnostic framework as a foundation for identifying and organising barriers and opportunities. This component describes adaptation as a rational decisionmaking process consisting of three broad phases, i.e. (1) understanding the problem, (2) planning adaptation options and (3) managing implementation of such options. Each of these phases includes a series of stages: understanding involves problem detection, information gathering and problem definition; planning involves development of adaptation options, assessment and selection of options; and management involves implementation of selected options, monitoring outcomes from these options and evaluation. Each of these stages, in turn, identifies common barriers based on the adaptation literature (Moser and Ekstrom 2010) (Appendix 1 in electronic supplementary material). Competing priorities (P1.7), existing management context (M1.8) and existing ecological context (M1.9) are our additions to the list of common barriers identified by Moser and Ekstrom (2010) . They emerged as important barriers identified over the course of this study.
Importantly, barriers may also be conceptualised as opportunities when preconditions to overcome these barriers are identified, and which when implemented, can generate positive externalities (e.g. lack in technical qualification can be perceived as an opportunity if there is local/regional capacity to produce relevant knowledge). Further, focusing on opportunities is critical to moving forward and finding solutions to barriers (Evans et al. 2016; Kettle and Dow 2014) . Therefore, the list of barriers was also used to identify and organise opportunities for adaptation.
Contextualizing the Brazilian coastal zone and the study region Geographical and socio-economic context
The Brazilian coastal zone covers 324,000 km 2 and has a population density of 121 people/km 2 , which is six times the national average (Brasil 2008 (IBGE 2011) . It is located between the metropolitan cities of Rio de Janeiro and São Paulo, a region of greatest economic development in Brazil (Fig. 1) . The North Coast of São Paulo is bounded by the Serra do Mar, a long system of mountain ridges and escarpments parallel to the Atlantic coast. A large part of its area lies close to hillside conservation areas and are unsuitable for human settlement (Iwama et al. 2014 ). Similar to other coastal areas in Brazil, the North Coast faces multiple environmental and socio-economic pressures. The region has a history of major landslides and flooding, which are predicted to become more frequent and intense as a result of a changing climate (Iwama et al. 2014; Sakai et al. 2013) .
The environmental and socio-economic characteristics of the North Coast municipalities make them susceptible to the impacts of climate change (Martins and Ferreira 2011) . Such characteristics also have important implications for the ability of these municipalities to respond and adapt to such impacts. For example, the proximity of Serra do Mar makes these municipalities especially susceptible to orographic precipitation, and consequently intense runoff processes, river discharges, mass movements and landslides (Koga-Vicente and Nunes 2011; Sakai et al. 2013) . Urban sprawl has extended into such susceptible areas making the North Coast's municipalities particularly vulnerable to environmental and climatic events (Inouye et al. 2015) . Further, São Sebastião and Caraguatatuba feature expansion of the oil and gas industry and associated infrastructure, which pose risks and impacts involving oil spills and displacement of human populations (Teixeira 2013) .
Policy context for adaptation
In Brazil, adaptation efforts are still developing at both national and sub-national levels. Nationally, there are three main policies relating to climate change adaptation: (1) the National Policy on Climate Change (PNMC), established in 2009, includes multi-sector actions to reduce the vulnerability of human population to climate change; (2) National Adaptation Plan, a central component of the PNMC, involves the development of mitigation and adaptation plans; and (3) National Policy on Protection and Civil Defence (PNPDEC), launched in 2012, addresses in an integrated manner prevention, mitigation, preparedness, response and recovery issues pertaining to civil defence. In addition, the National Coastal Management Plan (Brasil 1988), despite not addressing climate adaptation directly, provides guidelines for implementing sustainable development related policies, plans and programs. The plan mandates that coastal states develop coastal management plans and ecological-economic zoning (EEZ-LN). Those were developed for the North Coast of São Paulo in 1998 and 2004, respectively. São Paulo, the largest Brazilian state in terms of population and economic development, is the leading state on climate adaptation strategies. These include a State Policy on Climate Change (São Paulo 2009), which underlines the EEZ as a fundamental instrument for environmental planning and a framework for sustainable development. Additionally, the State Program for Prevention of Natural Disasters and Geological Hazard Mitigation (PDN) was established in 2011. Despite the initial progress in developing climate change response strategies, the translation of such strategies into action has been limited, particularly those to protect coastal populations and infrastructure in vulnerable areas (Barbi and Ferreira 2013; Iwama et al. 2014; Inouye et al. 2015) .
Methods
This study was framed by the diagnostic framework conceptualised above and used a mixed method approach. In 2015, a survey was administered online and face-to-face to explore barriers and opportunities for climate change adaptation. The survey also explored stakeholder perceptions of climate and non-climate risks, and existing efforts that may contribute to climate change adaptation (see questionnaire in Appendix 2 in electronic supplementary material).
The survey questionnaire consisted of thirty-six questions exploring stakeholder's perception of climate and non-climate risks and impacts; the involvement of their organisation in adaptation efforts; and resources, information and knowledge and policy influence underpinning their organisations capacity to engage in such efforts. Open questions meant many of the relevant themes could appear in multiple answers; thus, interview transcripts were coded and later consolidated into those themes. Open questions allowed respondents with opportunity to reflect on the most important elements within the understanding, planning and managing phase that promoted or hindered climate adaptation within their organisation and identify opportunity for change. The survey was administered to 49 individuals comprising representatives from 42 different organisations, including high-level government decision and policymakers, environmental non-governmental organisations, businesses and local industry and professional associations (Appendix 3 in electronic supplementary material). The respondents were selected based on their participation in the existing coastal management initiatives on the North Coast of São Paulo (e.g. members of the Watershed Committee, Coastal Management Review Group and protected areas advisory committees), workshops organised by the RedeLitoral Project (which this study was part) and other events focusing on coastal management in the region between 2013 and 2014.
This study involved two stages. First, common barriers to the different phases and stages of the adaptation process (Appendix 1 in electronic supplementary material) were used as a heuristic to systematically identify and categorise barriers and opportunities to adaptation. We then identified the main barriers [i.e. detection and perception of signal (U1.2) and threshold of concern (U1.3), leadership (P1.1) and existing management context (M1.8)] and analysed them in further detail. At this second stage, our study of leadership (P1.1) focussed on perceptions of organisations engaged in coastal management and climate change adaptation. We categorised organisations influence according to the frequency that stakeholders mentioned them as influential. Organisations with more than 15 mentions were categorised as ''most influential'', between 10 and 15 mentions as ''influential'', between 5 and 10 mentions as ''somewhat influential'' and \5 mentions as ''least influential''. We then linked the organisation to existing national, state and municipal coastal management and climate change efforts (M1.8) and classified whether their engagement in such efforts was direct, indirect, and optional or unrelated. In this regard, ''direct'' referred to organisations whose role in climate change and civil defence efforts was explicitly stated in the PNMC, PNPDEC or PEMC; ''indirect'' referred to organisations whose such role was not explicitly stated in the PNMC, PNPDEC or PEMC; but, it could be established through associations; ''optional'' referred to organisations whose such role was not explicitly stated in the PNMC, PNPDEC or PEMC; but, they could potentially play a role in climate change and civil defence efforts; while ''UNRELATED'' referred to organisations whose such role was not stated in the PNMC, PNPDEC or PEMC, and could not otherwise be implied.
Existing coastal management and climate change adaptation initiatives (M1.8) were examined in terms of how they addressed the main climate change threats identified in IPCC (2014) for Central and South America and the draft of the Brazil's National Adaptation Plan. Data analysis was performed with the software NVivo.
Results

Common barriers and opportunities for adaptation
Nineteen barriers and/or opportunities pertaining to the different phases of the adaptation process were identified for the North Coast of São Paulo (Table 1) . Barriers pertaining to the understanding (U) phase were the most frequently noted by respondents (43%). These barriers were associated particularly with detection (and perception) of signal (U1.2) (12 mentions), availability and accessibility of information (U2.2) (17 mentions) and level of agreement or consensus (U3.4) (13 mentions). Respondents perceived threats related to the region's socio-economic development as certain, while threats relating to climate change were mostly seen as possible, but not current and thus not urgent or difficult to manage. The following quote is illustrative:
Climate change isn't certain, but there is urban growth on the whole coast, thus it would be possible to adapt constructions to withstand sea level rise.
The understanding phase was also one which most of the barriers were nevertheless considered as opportunities, particularly detection (and perception) of a climate change signal (U1.2) (12 mentions as ''barrier'' and 13 as ''opportunity''), and availability and accessibility (U2.2) of information (17 mentions as ''barrier'' and 20 mentions as ''opportunity''). For example, participants were able to detect climate-related changes in the region (e.g. precipitation) although they did not necessarily link these changes to climate change. Further, respondents suggested that existing information channels could be used to disseminate local-scale information about climate risks and impacts. In the planning phase, the lack of leadership (P1.1) was considered a significant barrier (20 mentions); and, yet an opportunity (12 mentions). Many respondents stated that fostering adaptation would require a mobilising agent. They suggested that organisations focusing on conservation or coastal planning are undertaking actions supportive of climate adaptation may be better positioned to play such leadership role. Further, leadership has important implications for other barriers/opportunities, such as authorisation (M1.2), resources (M1.3) and momentum (M1.7). The main opportunities for this phase included the existence of local capacity; i.e. organisations (e.g. Watershed Committees, protected area advisory boards and NGOs) that would be able to incorporate adaptation actions into their current activities.
Lack of resources (M1.3) was the most mentioned barrier (23 mentions) in the management phase. This included insufficient equipment, lack of technical capacity, limited funds and insufficient time. Nevertheless, 14 respondents noted that some existing resources could potentially be tapped into adaptation. These included the regional financing funds and other existing funding mechanisms, such as state water resources funds, royalties and environmental compensation funds associated with the expanding oil and gas industry. Further, representatives from the small-scale fishery were concerned about potential impacts of climate change on fishing stocks (in terms of quantity, distribution and seasonality). Likewise, representatives from agriculture were concerned about the impact of changed rainfall patterns and spread of invasive species. Respondents primarily related environmental changes to rapid development of the North Coast; some of them regarded climate change only as a potential exacerbating factor. For example, respondents frequently noted that the proliferation of dengue fever was related to the increase in temperature. However, they were unable to relate it to climate change. In addition, they did not perceive climate change as urgent or difficult issue to manage. These may explain why only a few organisations had incorporated climate change into their portfolios. An example is the North Coast Watershed Committee includes climate change impacts in its management plans. Similarly, the state agency Fundação Florestal requires that protected area management plans include potential climate change impacts. Most respondents identified a lack of information on impacts at the local scale.
Existing management context (M1.8)
As noted previously, the existing management context refers to climate and non-climate efforts supportive of adaptation. Respondents reported a wide range of activities undertaken by their organisations, which addresses key climate change risks and impacts (Table 2 ). These activities focused on minimising the risk of disasters from extreme events, such as flooding, erosion and landslides. This also includes activities to reduce the impacts from urban expansion, such as the construction of dikes and breakwaters, use of sustainable construction techniques, improved drainage systems, river dredging and sewage treatment system. Similarly, various planning instruments contribute to adaptation, for example, by limiting urban expansion in vulnerable areas. Further, legislation relating to coastal management and civil defence has provided for monitoring and enforcement that support adaptive capacity. This includes monitoring rainfall and establishing thresholds for evacuation of vulnerable areas. Other activities reported by respondents have focused on learning and, therefore, building adaptive capacity. Such activities include, for example, a social learning process developed by the revision of the ecological-economic zoning (EEZ) working group.
Leadership (P1.1)
Thirty-two respondents identified 108 organisations and groups they see as relevant or influential in climate change adaptation at different governance levels [e.g. Municipal Plan of Risk Reduction at local level, and National Plan of Climate Change] at the federal level (Fig. 2) . However, actions across these organisations are yet to be adequately coordinated, especially in relation to climate change adaptation. For example, the state climate change policy influences the actions of the State Department for Environmental Planning; but, not those of municipal governments.
Perception about the relevance of different organisations in responding to climate change varied among respondents. However, there was an overall consensus about the level of influence of those organisations regarding climate change adaptation. Organisations ranked as more influential were local councils and protected area management entities (e.g. Fundação Florestal was mentioned 15 times), local council environmental departments (SMMA), civil defence, universities, state environmental agency (SMA), non-governmental organisations, Watershed Committee (CBH-LN) and Public Prosecutor (mentioned between 10 and 15 times). The least cited organisations (scoring between 5 and 10 mentions) included: the Ministry of Environment (MMA), National Centre for Monitoring and Natural Disasters Warning (CEMADEN), State Civil Defence and Regional Directorate of Education (Education Board) (Fig. 3) .
Interestingly, some of the organisations with legal responsibility over climate-related actions were perceived as not being relevant or influential in adaptation. These include the National Centre for Natural Disaster Monitoring and Warning (CEMADEN), Geological Institute (IG), Institute of Technological Research (IPT), Ministry of Environment (MMA), State Environmental Department (SMA) and State Civil Defence. On the other hand, a number of organisations perceived as relevant or influential (35 from the 108 organisations mentioned), despite not having a formal role in the public policies analysed (e.g. protected area management entities, universities, Watershed Committee and NGOs), suggests they could eventually play a role in climate adaptation in the region (Fig. 3) .
Discussion
This study examined challenges and opportunities for climate adaptation in the context of coastal management on the North Coast of São Paulo. Among the several barriers and opportunities identified, detection and perception of signal, existing management context and leadership emerged as the most critical ones. Addressing barriers and capitalising on opportunities would require improving perception about climate change and availability and accessibility of information, fostering anticipatory planned adaptation through the existing management context and developing leadership for adaptation. These are discussed below.
Improving perception about climate change and availability and accessibility of information Several factors may explain the failure of many respondents-including those who experience climate-related events first-hand-to link environmental change signals to climate change. For instance, while some information on climate change is available for the region (U1.2), there is limited engagement between scientists and decisionmakers. Further, such studies are not readily available and accessible to decision-makers (U2.2). This is illustrative of knowledge being shared among peers, or by means of academic publications not reaching a large portion of society (e.g. Tribbia and Moser 2008; Biesbroek et al. 2013 ). Further, current understanding on the nature of barriers to adaptation is suggested to be ''limited and highly fragmented across the academic community'' (Biesbroek et al. 2013 (Biesbroek et al. , p. 1119 . It is, therefore, imperative to make available and accessible information on climate risks and impacts if response strategies (e.g. adaptation) are to be developed (Lindell and Hwang 2008) . This includes disseminating information about the links between climate changes and local weather events, when they exist (Spence et al. 2011) . In this context, respondents indicated the need for actions evidencing potential effects, scenarios and forecasts to raise awareness and identify appropriate response strategies (e.g. monitoring of extreme weather events). The use of scenario models is another way to produce and disseminate relevant information (Evans et al. 2013; Ford and King 2015; Di Giulio et al. 2014) . Such models comprise a strategic decision-making tool for addressing climate change through participatory diagnostics and, ultimately, adaptive measures (PROVIA 2013).
Furthermore, because adaptation requires learning, both public and private sector organisations need to build capacity to process and interpret information on climate change risks and impacts (Barnett et al. 2014; Kettle and Dow 2014) . It is, therefore, imperative to improve our understanding of how different groups interpret and assign meaning to social-environmental phenomena differently (and sometimes conflicting), which in turn influence ideas about the significance and prioritization of barriers to adaptation (Biesbroek et al. 2013 ).
Fostering anticipatory planned adaptation through the existing management context
The response strategies to climate and non-climate threats analysed in this study consist mostly of coping strategies (M1.8). They result in part from public policies that are reactive (Iwama et al. 2014 (Iwama et al. , 2016 and have been compounded by inadequate resources (M1.3) and, particularly, competing priorities (P1.7). Similar to other nations, these are common barriers to adaptation associated with political imperatives that emphasise reducing short-term risks rather than long-term strategic planning (see e.g. Ford et al. 2011) .
Given the long-term nature of climate change, adaptation strategies should have a long-term focus allowing for adjustments in anticipation to climate change impacts (Luers and Moser 2006) . Ultimately, these strategies should entail actions that promote more fundamental shift in the system in light of undesirable conditions (Nelson et al. 2007 ). Fostering such anticipatory planned approach would benefit from the existing management context (M1.8) examined above. This would involve mainstreaming adaptation into existing planning processes, which would also provide opportunities for building and mobilising adaptive capacity (McSweeney et al. 2010) . Further, the existing management context also includes collaborative decision-making involving multiple stakeholders, such as the North Coast Watershed Committee (Iwama et al. 2014) . It would serve as adequate platforms for linking stakeholders to the design and implementation of adaptation-related policies (Kettle and Dow 2014; Shaw et al. 2013 ). Last, current management efforts involve multiple sectors, governance levels (Fig. 2) and interconnected issues (Table 2 ). Anticipatory planned adaptation should be strategic, taking into account interdependencies across those sectors, governance and issues .
Developing leadership for adaptation
Leadership is critical for adaptation when it points to (a) direction(s) and motivates others to follow (Gupta et al. 2010) . Respondents perceived many local and regional organisations without a climate change mandate as relevant or influential for climate adaptation (P1.1). Developing leadership for adaptation would benefit from mainstreaming climate change into the activities of these organisations, as discussed above. As well pointed by Eisenack et al. (2014) , regardless of the position or authority role, leadership (particularly in the early stages of adaptation) with clear responsibilities can entail new governance mechanisms and changed context for decision-making. In this context, the concept of boundary organisations may prove relevant if leaders are responsible for effective brokering of information, e.g. between knowledge (technical and local) and governance systems (Vogel et al. 2007 ). Ultimately, they would perform intermediary functions between knowledge and practice (Lynch et al. 2008; Shaw et al. 2013) . Another important leadership role would be capacity building, particularly, decision-making capacity. On the North Coast of São Paulo, this would require overcoming the perceived limited financial and technical resources noted above. In any case, the role of leading organisations needs to be considered with caution. In many instances, it has resulted in abuse of power, stalled social learning and dominance of particular interests, undermined ownership among stakeholders and challenged coordination of adaptation activities (Eisenack et al. 2014) .
Concluding remarks
This study drew on the framework of Moser and Ekstrom (2010) to diagnose barriers to climate change adaptation in a coastal urban context where adaptation is in its infancy. In such context, we identified additional barriers to those proposed in diagnostic framework; therefore, expanding their diagnostic capability. These barriers include competing priorities pertaining to the planning phase of the adaptation process, and the existing ecological and management contexts pertaining to the management phase of such process. Importantly, this study also conceptualised barriers to climate change adaptation in terms of opportunities to highlight some of the preconditions to overcome barriers. In this context, detection and perception of signal, availability and accessibility of information, existing management context and leadership emerged as critical barriers and/or opportunities for climate change adaptation. We propose that addressing these barriers and opportunities will involve improving perception about climate change and availability and accessibility of information, fostering anticipatory planned adaptation through the existing management context and developing leadership for adaptation. Findings from this study may prove useful to other jurisdictions, particularly those where climate adaptation is in its early stages of development.
